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EFFECTS OF THE LIPOXYGENASE ENZYME
ON MORPHOLOGICAL CHANCES OF THE EF FACE
IN THE PLASMALEMMA OF THE EVERNIA PRUNASTRI
PHYCOBIONT
S. RAPSCH*, C. ASCASO* and B. CIFUENTES**
ABSTRACT. — Evernia prunastri (L.) Ach. thalli are subjected to the activity oía lipoxy-
genase enzyme (Linoleate : oxygen oxidoreductase, EC 1.13.11.12) which usually takes
place in phycobiont cells. This activity increases when exposed to light for a period of 9
hours. In such incubation conditions, the dimeric partióles on the EF face of the phycobiont
plasmalemma are splitted by which the particle size is reduced while their distribution fre-
quency increases.
INTRODUCTION
Cell membranes play an important part in regulating symbiotic activity in
lichens, because the plasmalemma is responsible for the exchange of compounds
between the phycobiont and the mycobiont. The poly-unsaturated fatty acids
containing cis,cis-l,4,- pentadiene systems (linoleic acid, linolenic acid and ara-
chidonic acid of natural origin) in the cell membranes may be oxidized by lipo-
xygenase enzyme to form hydroperoxides (GALLIARD & CHAN 1980). The
enzyme was found in several microorganisms such as Aspergillus, Rhizopus,
Peniállium (MUKHERIJEE 1951), Fusarium (SATOH et al. 1976) andEvemia
prunastri lichens by isolating two typical isozymes (CIFUENTES & GÓMEZ
1983).
By using the freeze-etching electrón microscopy technique, perfected by
MOOR & MÜHLETHALER (1963), it was possible to study the fracture faces of
the cell membranes. By breaking through the surface layer of the biological
*Instituto de Edafología y Biología Vegetal, CSIC, Serrano 115, Madrid, Spain.
** Departamento de Fisiología Vegetal. Equipo de liqúenes. Facultad de Biología. Universi-
dad Complutense. 28040 Madrid, Spain. (Any correspondance should be addressed to this
member of the team).
258 S. RAPSCH, C. ASCASO and B. CIFUENTES
membranes or the lipid matrix, the frequency and distribution of associating
macro-molecules is revealed (WILKINSON 1982). The intramembranous par-
ticles consist of protein or lipo-protein moléculas distributed in the lipid bilayer
(SINGER & NICOLSON 1972, YU & BRANTON 1976, VERKLEIJ & VER-
VERGAERT1978).
In recent years, freeze-fracturing has become one of the most important pre-
paratory techniques for ultrastructural studies and quantitative analyses of the
plasmalemma (NIEDERMEYER & WILKE 1982). In various lichen phycobionts,
the whole plasma membrane has a very important function in the transfer of
metabolites (HESSLER & PEVELING 1978). Varying density and size of the
intramembranous particles are connected with physiological changes of the
lichen thallus (PEVELING & ROBENEK 1980, RAPSCH & ASCASO 1983).
The present work concéntrales on the evolution of lipoxygenase enzyme in
lichens and their possible connection with structural changes of the EF face
(exoplasmic fracture face, according to BRANTON et al. 1975) in the plasma-
lemma of phycobionts, which are studied with the help of the freeze-fracture
technique.
MATERIAL AND METHODS
Evernia prunastri (L.) Ach. was collected from Quercus pyrenaica bark in La
Pradera (Segovia, Spain). 1.5g samples of air-dried lichen thalli were kept at
26 C in dry environment, while other ones were soaked in 1 mM sodium bicar-
bonate. The samples were either kept in darkness or exposed to Hght (0.12 W.
m"2 at plant level) from 40 W fluorescent tubes of the Sylvania p2o T12 type. At
different times, the samples were removed from the media, washed with distilled
water and macerated with enough 25 mM morpholino propanesulphonic buffer,
pH 7.0 and then disrupted in a MSE 10 Kc sonic oscillator at 8,000 microns,
20 Kc.s"1 , for 2 minutes with ice protection. The homogenate was filtered
through a cheese-cloth and the fíltrate was centrifuged at 20,000 x g for 20 mi-
nutes at 4 C. Cell-free extracts were used to study the enzyme activity of the
whole thallus. The lipoxygenase activity was measured as previously described
(CIFUENTES & GÓMEZ 1983) in a YSI mod. 53 Oxygen Monitor electrode
using linoleic acid as substrate. The protein was estimated by the POTTY me-
thod (1969) modified by HARTREE (1972). One unit of specific activity was
defined as /imol Oj consumed per mg of protein and minute.
Lichen symbionts were isolated through repeated centrifuging according to
ASCASO (1980), and tested for homogéneous criterium with the help of light
microscopy. Both the mycobiont and phycobiont were separately fixed in
25 mM morpholino propanesulphonic buffer, pH 7.0 and disrupted in an MSE
sonic oscillator as previously described by RAPSCH & CIFUENTES (1983).
Cell-free extracts were used for the enzyme assay.
Untreated samples and those ones that showed the highest enzymatic acti-
vity level were processed for electrón microscopy. The lichen phycobiont was
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processed for freeze-fracturing techniques as PEVELING & ROBENEK (1980)
did. The algal cells were infiltrated with glycerol as a cryoprotectant, final
concentration of 25,30%, for 1 hour at 4 C. The freeze-fracture was carried
out at — 110°C and 10"7 torr pressure. After the temperature had reached
— 110°C, samples were etched for 3 seconds at the same vacuum pressure.
Replicas were obtained with a Polaron E-7900 freeze-fracture unit. Micro-
photographs were taken with a Philips-300 electrón microscope, operating at
80 Kv. At least ten negativas were used for the quantitative analysis of the
particles on the fracture faces. Image analysis was carried out with a Mop-video-
plan (Kontron) image analyzer. Statistical analysis was done usL-ig Student's
t-test.
RESULTS AND DISCUSSION
Recently collected E. prunastri (L.) Ach. thalli show little lipoxygenase
activity (Fig. 1). Specific activity increases with the length of incubation time,
reaching its highest valué at 9 hours. The specific activity is always higher in
dryness than in hydrated conditions and with light, there is always more activity
than in darkness. This result is not very different from MOHR's (1972) with
Brassica olerácea, where only the illumination conditions support lipoxygenase
activity.
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Fig. 1. — Time course of lipoxygenase activity in Evernia prunastri thallus incubated at
26°C in light (mangles) or darkness (circles) and maintained in 1 mM sodium bicarbo-
nate (erapty symbols) or in dryness (füled symbols).
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Among the commonest lipoxygenase substrates assayed, linoleic acid is the
best substrate for lichen enzyme (Tab. 1). However, it do not specifically relate
to this substrate since linoleic acid and arachidonic acid were oxidized at similar
reaction. There are several sources reporting such results for lipoxygenases
(GALLIARD & PHILIPS 1971, SANDERS et al. 1975, KIM & DROSCH 1979).
Linoleic acid
Linolenic acid
Arachidonic acid
Specific activity
(units)
0.295 ± 0.03
0.239 ± 0.05
0.263 ± 0.02
Rate
100
83.6
89.2
TAB. 1. — Substrate specificity of lipoxygenase enzyme. Valúes are the mean of four expe-
riments. Rate is related to specific activity obtained with iinoleic acid.
Lipoxygenase activity is prioritary retained at the phycobiont cells, 61 per
cent of specific activity (Tab. 2). The 32 per cent of specific activity present in
the fungus cells, can be explained by the necessary oxidation of unsaturated
fatty acids in the membrane.
Thallus Phycobiont Mycobiont
Total protein
(mgs)
(%)
Specific activity
(units)
(%)
Total activity*
( units)
(%)
20.06
100
0.295
100
5.91
100
6.98
34.79
0.1806
61.22
1.26
21.32
12.78
63.70
0.094
31.86
1.20
20.30
* About a 58 per cent of total activity has been lost in the symbionts
isolation process.
TAB. 2. — Distribution of lipoxygenase enzyme in Evernia prunastri thallus, untreated
samples. The ratio of total protein of mycobiont to phycobiont is 1.83 ± 0.8. Valúes
are the mean of four replicates.
The phycobiont of E. prunastri is a Trebouxia, and sectioning by freeze-
etching (Pl. I, 1) reveáis the cell wall, various aspects of the plasmalemma and
central chloroplast with thylakoid stacks and pyrenoid. The phycobiont Tre-
bouxia was studied on the EF face of the plasmalemma. On this face (Pl. I, 2)
ridge and particle structure are visible (i.e. intramembranous particles). The
1Pl. I. — 1: Freeze-fracture, medial section of a phycobiont Trebouxia in Evernia prunastri
thallus. Cw, cell wall; Pm, plasmalemma; Ch, chloroplast; t, thylakoids; P, pyrenoid.
(Arrowhead: direction of shadowing, all the pictures). 2 : EF fracture face of the Tre-
bouxia plasmalemma. Untreated samples. Ridges (arrows).
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Pl. II. — Different aspects of EF face (exoplasmic fracture face) of the plasmalemma from
Trebouxia dependent on the experimental conditions. 1 : control samples. The arrows
indícate the presence of some coupled particles. 2 : Phycobiont from thalli illuminated
during 9 hours in dryness.
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results of this study compare the membrane faces of recently collected samples
(untreated ones) with those of lichen thalli exposed to Hght in dryness for nine
hours.
The lengths of the ridges range from 0.2 to 0.4 ;Um in both types of samples,
a result comparable to the lengths measured by ELLIS & BROWN (1972) in
the phycobiont Trebouxia of Parmelia caperata and exactly the same as those
obtained by PEVELING & ROBENEK (1980) for dry thalli. It is not possible
to measure the width of these invaginations since the outlines are not clear. The
ridge frequency is 8 per /um2 . This density confirms the above results obtained
by the authors.
Particle diameter and frequency are the two aspects where the two types of
samples differed most. Particle diameter on the EF face of the untreated samples
(control ones) plasmalemma (Pl. II, 1) have a frequency which is given in Fig.
2A. Distribution frequency in the treatment samples (Pl. II, 2) is given in Fig.
2B. Average diameter is 13.30 nm in the control group, and 9.89 nm in the
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Fig. 2. — Frequency distribution of particle sizes on the EF face of the plasmalemma of
Trebouxia. A : untreated samples (control); B : thalli illuminated during 9 hours in dry-
ness. X : mean valúes; S : standard deviation; N : particle number.
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other, with particle density being 436 and 347, respectively (see Tab. 3). The
average valué for particle diameter is different in both samples, at p < 0.01.
Control
9 h. light
Particle diameter
(nm)
13.30 ±3.5A
9.89 ± 1.9A
Density
(n° partióles/ jUm2 )
436.0 ± 128
347.9 ± 156
Means ± S.D.
Samples with the same letter differ significantly (t-testip^O.Ol).
TAB. 3. — Valúes of diameter and density of particles in control and treated thalli.
The two histograms in Fig. 2 show that dryness conditions increase the fre-
quuency of particles with smaller diameters when compared with the distribu-
tion frequency in the control group. The average particle diameter is also lower
in the treated samples than in the control group. These results suggest an effect
pointing to particle disintegration as a result of increased lipoxygenase activity.
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Fig. 3. — Correlation between density (number particles/;Um ) and diameter of particles in
the EF face of the plasmalemma of Trebouxia. Linear regression. A : Control samples;
B : thalli illuminated during 9 hours, in dryness.
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Different áreas of the EF face of the plasmalemma were analyzed both in
the control group and the treated thalli to find out whether there was any
correlation between particle density and particle diameter within any specific
área. A linear regression could be established between the density parameter
and the diameter parameter (fig. 3).
The correlation coefíicient for the control thalli was -0.33 and -0.77 for the
treated thalli. Consequently and in view of the number of pairs making up the
line, it may be assumed that the points in each pair are well correlated with p <C
0.025 in the treated thalli. In a random study of data pairs, it was found that
the particle density and average particle diameter in a specific área produced a
linear regression with negative slope in both types of samples. But as the treated
thalli have a high correlation coefficient, there appears to be a cióse relationship
between particle density and diameter in the thalli exposed to dryness. Apart
from the correlation coefficient being negative, particles in áreas with high
density are smaller than those in áreas with low density.
Since the particles, revealed by freeze-etching on the EF face in the phyco-
biont plasmalemma of thalli exposed to dryness are significantly smaller than
those in the plasmalemma of the control phycobiont, an increase of lipoxyge-
nase activity perhaps cause structural changes in the plasma membrane of the
phycobiont. The existence of specific áreas of the plasmalemma where the
reduction in the size of the particles is accompanied by an increase in their
number may have their explanation in that the oxidation of unsaturated fatty
acids in the plasma membrane causes the protein-lipid compounds there in to
break up.
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